Men and Women from an Occupational Population: Yuichi YAMADA, et al. Department of Social and Environmental Medicine (Hygiene), Kanazawa Medical University-The association between cigarette consumption and prevalence of mild proteinuria (30-99 mg/dl of albumin) was analyzed in 11,569 male and 4,715 female workers aged 18-67 yr recruited from an occupational population. Proteinuria was found in 274 (2.4%) of the total male workers and in 50 (1.1%) of the total females. Stepwise logistic regression analyses showed that sex, suspected diabetes mellitus, blood pressure (BP) and Brinkman Index (BI) levels (0, 1-199, 200-499, 500-799, 800-) were significantly related to proteinuria, and that the odds ratio of each BI level for proteinuria was 1.11 (C.I.: 1.01-1.67). In the subjects aged 50 yr or older, after excluding those suspected of having hypertension and/ or diabetes mellitus, the odds ratio reached 1.37 (C.I.: 1.15-1.63), with the gender difference then no longer significant. The odds ratio for proteinuria was calculated as 5.44 (C.I.: 2.27-13.0) in male and female smokers having a BI of 500 or above and normal-high BP (130-139/85-89 mmHg) in comparison with nonsmokers having normal BP (<130/85 mmHg). These results suggest that heavy cigarette consumption represented by a BI of 500 or above is a risk factor of proteinuria even in healthy Japanese workers, particularly in those aged 50 yr or older and having normal-high BP.
Cigarette consumption accelerates renal dysfunction in patients having various kidney diseases including diabetic nephropathy [1] [2] [3] [4] [5] . The deteriorating effects of cigarette smoking on renal function have also been observed in hypertensive patients, particularly in the elderly 6, 7) . There have been several studies [8] [9] [10] [11] [12] conducted to reveal the effects of cigarette consumption on the appearance of proteinuria in a population mainly composed of middle-aged people, corresponding to an occupational population. A significantly high prevalence of proteinuria in smokers was demonstrated in various studies conducted in the U.S. 8) , Canada 9) and New Zealand 10) , in contrast to a significant but very weak one in Okinawa, Japan 11) , and not significant one in Aichi, Japan 12) . All those studies included subjects having diabetes mellitus and/or hypertension, and the different proportions of such subjects may have accounted for the considerable discrepancies noted among the studies. Another possibility is that ethnic difference in the sensitivity to smoking-induced renal dysfunction may have contributed to the discrepancy.
More recently, cigarette smoking was suggested to affect renal function and induce proteinuria even in people free of kidney diseases, diabetes mellitus and hypertension [13] [14] [15] . Nevertheless, to the best of our knowledge, no such study has been conducted in Japan or in a definite occupational population. In addition to considering the effects of diabetes mellitus, hypertension and ethnicity, two further questions remain to be elucidated before cigarette consumption can be regarded as a risk factor for proteinuria in healthy Japanese workers free of kidney diseases, diabetes mellitus and hypertension. First, even if smoking affects renal function in healthy men and women, the adverse renal effects of cigarette smoking may not appear until old age is reached 6, 7) , i.e., not until after their retirement from the workplace. Second, what amount of cigarette consumption should be regarded as a significant risk factor for renal dysfunction needs to be defined.
With this in mind, the present study was undertaken to clarify whether or not, and if so, what amount of cigarette consumption relates to the increased prevalence of proteinuria in Japanese healthy male and female workers free of kidney disease, diabetes mellitus and hypertension recruited from an occupational population. In order to overcome or at least diminish the weakness in the reliability of self-reported data on cigarette consumption in the cross-sectional study, the history of smoking in each subject was pinpointed at an interview by welltrained nurses as exactly as possible by referring to the dates of their major life events, such as school graduation, employment, marriage, birth of children, and admission to hospital.
Subjects and Methods
The subjects comprised 11,765 men and 4,756 women aged 18-67 yr recruited from workers in an electronicparts producing factory, who participated in a health check-up program conducted in the factory. The subjects amounted to 98.3% of the total workers in the factory. Laborers made up 67 and 81% of the male and female workers, respectively, and were mainly engaged in operating and maintaining production machines, or examining the products in clean rooms. Engineers amounted to 18 and 7% of the male and female workers, respectively, with most of the remaining workers holding clerical positions. Therefore, the physical workload is generally light in all of these workers except for considerable prolonged standing and walking in the laborers. Most of the male laborers have been engaged in shift work, and 260 of them have handled isopropyl alcohol (IPA) for wiping dirt away from the products under a local exhaust ventilation apparatus, 36 have handled acetone for cleaning parts of the machines in a draft chamber, and 16 have handled a solution containing 4% of butyl cellosolve in the production process. Neither harmful health effects of shift work nor excessive exposure to the solvents has been detected by periodical monitoring of the workers and workplaces.
Among the workers, 106 men and 22 women were excluded because they had health records showing diseases or medical treatments possibly affecting the study results: malignancy in stomach or breast, cardiovascular disease such as old myocardial infarction, liver disease such as chronic hepatitis B or C, renal disease and renal failure due to glomerulonephritis or advanced diabetes mellitus, or autoimmune disease such as chronic rheumatoid arthritis, and 77 men and 7 women were excluded because of the possibility of latent kidney disease based on the urinalysis results in the health checkup. Furthermore, 13 men and 2 women were excluded because of incomplete collections of cigarette and alcohol consumption data, Finally, 11,569 men and 4,715 women were selected as the target subjects. Written informed consent was obtained from all the subjects.
Blood pressure (BP) was measured in the sitting position with a sphygmomanometer by experienced nurses after resting on a chair for 5 min or longer. The subjects were then classified into 6 BP levels according to the 1999 WHO/ISH guideline 16) ; I: <120/80 mmHg, II: 120-129/ 80-84, III: 130-139/85-89, IV: 140-159/ 90-99, V: 160-179/100-109, VI: ≥180/110, and scored 1-6 for statistical analyses. Those who had a BP of 140/ 90 mmHg or above and/or had ever been treated with medicines for hypertension were defined as those suspected of having hypertension.
Urine samples were examined semi-quantitatively for glucose, protein and occult blood with a dipstick (UroLabstix, Ames Reagent Strips for Urinalysis, UK). Trace proteinuria (±: < 30 mg/dl of albumin) was neglected in the present study because of the uncertain pathological meaning 17) . Proteinuria showing 2+ (100 mg/dl of albumin) or above detected by the dipstick, or any level of proteinuria accompanied with occult blood 1+ or above were regarded as a possible sign of latent kidney or urinary tract disease 17) . Accordingly, the 77 men and 7 women who showed such urinalysis findings suggesting kidney disease in the health check-up were excluded from the study subjects, and the prevalence of mild proteinuria 1+ (30-99 mg/dl of albumin) was focused on in the present study.
Blood samples were collected by venous puncture in the morning after overnight fasting in 68% of the subjects. In the remaining subjects, blood collection was performed not long after eating. A serum sample was separated soon after the blood collection and kept frozen at -20°C until analyses, and the glucose concentration was measured by a hexokinase/glucose-6-phosphate dehydrogenase method with an automatic analyzer (HITACH 7450, Hitachi, Japan). The subjects who had been treated for diabetes mellitus and those with a fasting serum glucose level of 126 mg/dl or above, or a non-fasting serum glucose of 200 mg/dl or above 18) , or a dipstick urinary glucose ± (0.1 g/dl) or above were defined as those suspected of having diabetes mellitus.
The data on cigarette and alcohol consumption were obtained at interviews by well-trained nurses in a structured way. The subjects were asked if they currently smoked cigarettes and if they had ever smoked continuously for half a year or longer. When the answer was "no", they were classified as nonsmokers. When the answer was "yes", further questions were asked regarding their age at starting smoking, the average number (pieces) of cigarette smoked per day, and any experience of quitting smoking. In the case of those who had quit smoking, questions were asked regarding the age and the period of quitting, and the number of cigarettes consumed per day if they had re-started smoking. The age of starting or quitting smoking was pinpointed as exactly as possible by referring to the dates of their life events, such as school graduation, employment, marriage, birth of children, and admission of hospital. When they had quit smoking for half a year or longer before the time of the interview, they were classified as ex-smokers, and otherwise current smokers. Nonsmokers were scored 0 and ex-smokers 1. Current smokers were classified into three groups: those consuming less than 20 cigarettes per day, 20-39, and 40 or more, and scored 2-4 respectively. Based on answers to those questions, the cumulative amount of cigarette consumption was expressed as the Brinkman Index (BI: number of cigarette consumed per day multiplied by years of smoking), and the subjects were classified into 5 groups of BI: 0, 1-199, 200-499, 500-799, and 800 or above, and scored 0-4, respectively.
The average volume of ethanol consumed per day by the subjects was calculated from the data on usual alcohol consumption during the preceding year, i.e., the frequency of alcohol consumption, the kinds of beverages, and the volume consumed on a single occasion, excluding the subjects who consumed alcohol less than once a month as well as abstainers and teetotalers who were classified as nondrinkers and scored 0 for the statistical analyses. The nondrinkers included 37 subjects who had quit drinking (ex-drinkers). The subjects who consumed alcohol more than once a month were classified into 4 categories according to the average volume of ethanol consumed per day: less than 30 ml, 30-59, 60-89, and 90 or more, and scored 1-4. Although the start of alcohol consumption and the experience of quitting drinking were questioned in the subjects in a similar way to those of cigarette consumption, many subjects could not pinpoint those ages exactly. Therefore, the data on cumulative alcohol consumption were not included in the present study.
Prevalence of mild proteinuria was calculated in the subjects divided by sex, the age groups younger than 30 yr old, 30-39, 40-49, 50-59 and 60 or older, and the levels of current cigarette and alcohol consumption, and those of the BI, and with or without hypertension and diabetes mellitus. Statistical significance in differences in the prevalence related to those factors was tested by a χ 2 -test. The independent association between cigarette consumption and proteinuria was evaluated in all the subjects and subsequently in the subjects excluding those suspected of having hypertension and/or diabetes mellitus by logistic regression analyses adjusting for confounders.
The odds ratio for proteinuria and the confidence interval (C.I.) were then calculated in healthy subjects having different cigarette consumption and BP levels. All the statistical analyses were performed with an SPSS ver.11 program package (SPSS Japan, Tokyo), and p<0.05 was defined as significance.
Results
The means and standard deviations for age (years) in the 11,569 male and 4,715 female workers were 45.2 ± 12.1 and 44.1 ± 11.9, respectively, with the male workers significantly older than the females. Proteinuria was found in 274 (2.4%) of the total male workers, and 20 (1.3%) of those younger than 30 yr, 23 (1.1%) in 30-39, 73 (2.4%) in 40-49, 114 (3.1%) in 50-59 and 44 (3.7%) in 60 or older. Proteinuria was found in 50 (1.1%) of the total women, and 13 (1.7%) of those younger than 30 yr, 3 (0.4%) in 30-39, 10 (0.7%) in 40-49, 20 (1.4%) in 50-59 and 4 (1.1%) in 60 or older. The prevalence of proteinuria was significantly higher in men than in women, and significantly increased with age in the male workers. In the female workers, however, those younger than 30 yr had the highest prevalence of proteinuria.
The prevalence of proteinuria according to those age groups and 5 levels of current cigarette consumption and BI, and those of current alcohol consumption are summarized in Tables 1 and 2 for the male and female workers, respectively. The difference in prevalence according to the cigarette and alcohol consumption levels was tested by a χ 2 -test in each age group. A borderline significance was found in the BI levels of male workers aged 50-59 yr and a significance in the current alcohol consumption levels of those aged 40-49 and 50-59 yr. In female workers, a significant difference was found in the BI and alcohol consumption levels of those aged 50-59 yr. Table 3 shows the prevalence of proteinuria in the subjects divided into 4 groups with or without hypertension and diabetes mellitus based on the health records and the findings of the health check-up, I: subjects without hypertension or diabetes mellitus, II: those with hypertension, III: those with diabetes mellitus, and IV: those with both hypertension and diabetes mellitus. Significant differences were found in the 4 groups of male and female workers aged 40 yr or older, and a noticeably high prevalence of proteinuria was found in those suspected of having hypertension.
The results of stepwise logistic regression analyses for evaluating the independent associations of those factors with the prevalence of proteinuria are summarized in Table 4 . Sex, age (yr), the 5 levels of current and cumulative cigarette consumption and current alcohol consumption, the 6 levels of BP, and suspected diabetes mellitus were evaluated in the analyses. Sex and suspected diabetes mellitus were treated as categorical variables and the others were treated as continuous variables, and p=0.10 was set for both entering and excluding a variable in the final model. As a result of the analysis conducted on all the subjects, sex, suspected diabetes mellitus, and the BP and BI levels were selected as independent significant variables. The odds ratio of each BI level was significant but 1.11 (C.I.: 1.01-1.67). In the subjects aged 50 yr or older, the odds ratio of the BI level became slightly higher at 1.13. After excluding 4,042 men and 858 women suspected of having hypertension and/or diabetes mellitus, the odds ratio of the BI level was increased to 1.17 in the subjects of all ages and 1.37 (C.I.: 1.15-1.63) in 2,470 men and 1,233 women aged 50 yr or older. In those, the gender difference was no longer significant, but 3 BP levels (<120/80 mmHg, 120-129/80-84, and 130-139/85-89) remained highly significant. Since BP and BI levels were shown to be significant variables related to the prevalence of proteinuria in the subjects aged 50 yr or older without hypertension or diabetes mellitus irrespective of gender, the prevalence of proteinuria was then compared in 6 groups of male and female workers defined by 3 BI levels of 0, 1-499 and 500 or above and 2 levels of BP, normal (<130/85 mmHg) or normal-high (130-139/85-89 mmHg). The results are shown in Table 5 . The differences in the prevalence of proteinuria among the 3 BI levels showed a borderline significance in the subjects having normalhigh BP. After adjusting for age, the odds ratios for proteinuria in comparison with nonsmokers having normal BP were calculated in the remaining 5 groups by a logistic regression analysis. The results are shown in Fig.1 . The odds ratio of 5.44 (C.I.: 2.27-13.0) in the subjects having a BI of 500 or above and normal-high BP was highly significant (p<0.001).
Discussion
A cross-sectional study conducted in 60,000 men and women in the U.S. 8) showed proteinuria was 1 to 2 % more frequent in smokers than in nonsmokers of both sexes. But smokers also had glucosuria more often than nonsmokers, and blood pressure (BP) was higher in the subjects with proteinuria irrespective of smoking. The proteinuria observed in smokers may, therefore, reflect rather the presence of diabetes mellitus and hypertension. A cross-sectional study in 1,800 Canadian male workers 9) showed that both proteinuria and microscopic hematuria were more often noted in smokers than in nonsmokers and that serum creatinine levels were correlated positively with proteinuria. Hematuria and high serum creatinine may be signs of kidney disease, and cigarette smoking may have produced proteinuria only in workers already having latent kidney disease. In two follow-up studies conducted in Japan, one in Okinawa 11) showed that cigarette consumption but not alcohol consumption was independently related to the appearance of proteinuria, whereas one in Aichi 12) showed inverse results, i.e., alcohol consumption but not cigarette consumption was related to proteinuria. Because the overwhelming effects of hypertension and diabetes mellitus on the appearance of proteinuria were not excluded in previous studies, even though a cross-sectional study in New Zealand 10) showed a significant association between the number of cigarettes currently consumed and the urinary albumin concentration after adjusting for diabetes status and BP, the effects of cigarette smoking on the appearance of proteinuria in healthy workers who do not have kidney disease, diabetes mellitus or hypertension remain unclear and require elucidation.
The present study in 16,300 male and female Japanese workers free of kidney disease but including 4,900 suspected of having diabetes and/or hypertension showed that the prevalence of proteinuria was 1-2% higher in smokers currently smoking 20 or more cigarettes per day or having a Brinkman Index (BI) of 500 or more in comparison with nonsmokers, particularly in those aged 50-59 yr. These findings are basically consistent with those in the large-scale U.S. study 8) . As shown in Table  4 , after adjusting for the effects of sex, age, alcohol consumption, physical activity at leisure, BP levels and suspected diabetes mellitus, the association of BI levels, but not the current number of cigarettes consumed, with proteinuria remained significant. The odds ratio of each BI level for proteinuria was, however, not so high, 1.11 in all the subjects aged 18-67 yr and 1.13 in those aged 50 yr or older. Further analysis after excluding those suspected of having diabetes mellitus and/or hypertension showed that the odds ratios were increased to 1.17 and 1.37 in the subjects of all ages and those aged 50 yr or older, respectively, revealing more prominent effects of smoking on proteinuria in healthy men and women.
Furthermore, as shown in Fig.1 , the odds ratio for proteinuria was calculated to be as high as 5.44 (C.I.: 2.27-13.0) in male and female smokers with a BI of 500 15) in 4,500 Australian adults without hypertension, diabetes mellitus or impaired glucose tolerance, selected from 11,000 participants in a health check-up program, suggesting that Japanese are not necessarily more resistant to the renal toxic effects of cigarette smoking, and that heavy smoking represented by a BI of 500 or above should be regarded as a risk factor for proteinuria in healthy Japanese workers, particularly in those aged 50 yr or older and having normal-high BP.
The dose of alcohol currently consumed showed a significant association with the prevalence of proteinuria in a univariate analysis in the male subjects ( Table 1) . The association was no longer significant in a multivariate analysis including BP levels as a variable, suggesting that proteinuria in drinkers in this population is the reflection of a strong association between alcohol consumption and BP increase [19] [20] [21] [22] .Proteinuria was less prevalent in the female workers than in the males. But the gender difference was no longer significant in the logistic regression analysis conducted in the subjects aged 50 yr or older without diabetes mellitus or hypertension as shown in Table 4 . The issue of different sensitivity of men and women to the renal toxic effects of smoking, which has been suggested by previous studies 13, 15) , was not confirmed in the present study and requires further investigation.
The present study has also some other limitations which should be discussed. First, a cross-sectional observation cannot provide information on causality. Second, the data on cigarette consumption were based on subjects' selfdeclarations. Although the data were obtained at interviews conducted by well-trained nurses as carefully as possible, criticism regarding the reliability of selfreported data could not be entirely dismissed. Third, proteinuria determined as 1+ by a dipstick method was focused on in the present study, whereas trace positive (±) proteinuria was neglected and strong positive (2+ or above) proteinuria and proteinuria accompanied with occult blood were excluded. This exclusion would not critically affect the present findings, but more accurate quantitative measurements of the protein concentration in urine are undoubtedly desirable, and qualification of the protein is also required to reveal the pathological nature of cigarette toxicity on kidney. Fourth, the diagnoses of hypertension and diabetes mellitus in some subjects were made by single measurements respectively of BP and glucose in blood and urine in the health checkup, which may have resulted in either over-or underdiagnosis of the diseases. Over-diagnosis and the consequent exclusion of some subjects without those diseases does not exaggerate the association between cigarette consumption and proteinuria observed in the healthy subjects, but under-diagnosis resulting in the inclusion of subjects having those diseases, may have significantly affected the association if their number was considerable. Nevertheless, their number was minimized in the present study by reviewing the subjects' medical records kept in the workplace.
Furthermore, potential factors related to their job were not considered in the present study. Strenuous physical exercise 23, 24) causes proteinuria. Although the physical workload even in the laborers is very light because they avoid dust production in clean rooms, possible effects of prolonged standing and walking on the appearance of proteinuria should be considered in further studies because the urine samples were obtained at the end of 8-h work periods in some laborers. The appearance of proteinuria has been reported in workers heavily exposed to some organic solvents, such as aliphatic and alicyclic hydrocarbons, styrene, toluene, xylene, and chlorinated hydrocarbons, and naphthas [25] [26] [27] , but light exposure to these agents does not cause proteinuria 28, 29) . Because the exposures to IPA, acetone and butyl cellosolve are minimal in the subjects, critical effects of the solvent exposure on the present findings are unlikely.
The mechanisms underlying the renal toxicity of cigarette consumption remain unclear even in patients with diabetic nephropathy [1] [2] [3] [4] [5] . Some possible mechanisms have been proposed as follows: repeated vasodilatation by nitric oxide or atrial natriuretic peptides released by nicotine causes glomerular hyperfiltration, or repeated transient hypoperfusion caused by each cigarette use damages some glomeruli, thereby inducing hyperfiltration in the remaining glomeruli 30, 31) . Since either hypothesis speculates that chronic glomerular hyperfiltration promotes glomerulosclerosis resulting in glomerular dysfunction, the measurement of microalbumin in urine would be desirable in smokers. On the other hand, cigarette smoking is known to contribute greatly to cadmium accumulation in the human body 32) . Cadmium causes renal damage characterized by proximal tubular dysfunction and excessive urinary excretion of small molecular proteins, such as beta-2 microglobulin 33, 34) . Although a study in Japanese male smokers did not find a significant association between cigarette consumption and urinary beta-2 microglobulin concentrations 35) , the measurements of small molecular proteins in urine as well as cadmium would also be desirable in future studies.
In addition to these mechanisms, the implications of the present findings, mild proteinuria in long-term heavy smokers, in relation to future renal dysfunction or renal failure, development of cardiovascular disease 36, 37) , and the length and quality of life of working populations should also be elucidated in future studies.
